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SUMMARY 
Concentrations of carbon dioxide in the air layer near the ground were 
observed under 27- to 29-vear-old eastern white pine and black spruce trees. 
The concentration of this gas was higher under spruce than white pine, and 
there was some indication this difference might be related to amounts of 
root tissue near the soil surface and resulting respiration. 


The average concentration of carbon dioxide in the free atmos- 
phere (approximately 0.03 percent by volume or 300 p.p.m.) 
appears to be suboptimal for the photosynthetic activity of green 
plants (Lundegardh 1931, Daubenmire 1959). Since seedling and 
tree growth may be directly influenced by variations in this compo- 
nent of the environment, the distribution of this gas within the 
forest is of interest. 

In general, the high rate of soil and plant respiration in the 
forest, coupled with the fact that wind movement is greatly curtailed, 
practically assures the accumulation of higher concentrations of 
carbon dioxide in the forest than over open lands. Carbon dioxide 
concentrations may be especially high near the forest floor at parti- 
cular miero-sites (Miller and Risch 1960, Wiant 1964). The con- 
tent of this gas is usually higher in the forest by night than day, as 


! Condensation of a portion of a dissertation presented to the faculty of 
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a consequence of the reduced turbulence and the absence of photo- 
synthesis during the night. A comprehensive review of literature 
on the subject has been made by De Selm (1952). 


MATERIALS AND METHODS 

This study was conducted to determine the content of carbon 
dioxide near the ground under a mixed-forest plantation that had 
been established on an abandoned field in the North Branford Divi- 
sion of the Eli Whitney Forest near New Haven, Connecticut, in 
1934. Northern red oak (Quercus rubra L.), black spruce (Picea 
mariana (Mill.) B.S.P.), eastern hemlock (Tsuga canadensis (L.) 
Carr.), and eastern white pine (Pinus strobus L.) had been planted 
at 1.8 x 1.8 meters (6 x 6 feet) spacing, with individual species 
grouped over much of the area in square 9-tree blocks. A small 
portion of the plantation on relatively level terrain was used in this 
investigation. The specific micro-sites at which sampling was con- 
ducted were in a rather extensive area of white pine and two nearby 
groups of spruce with only 3 (designated as sampling point “spruce 
1”) and 1 (“spruce 2”) trees living of the original 9 planted; all 
sampling points were within 53 meters of one another. The trees 
averaged 14 centimeters in d.b.h. and 10 meters in height. 

Carbon dioxide concentrations were measured in the field with 
a model 15A Liston-Becker infrared gas analyzer coupled with an 
Esterline-Angus recording milliammeter. Air was drawn through 
Tygon plastic tubing with a small (1/70 h.p.) diaphragm-electric 
pump at a flow rate of 1 liter per minute. Moisture was removed 
from all air samples by circulation through Drierite (CaSO,) prior 
to introduction into the analyzer. Air samples were drawn from 
near the soil surface midway between the 3 or 4 surrounding trees 
and within 0.6 meter of the lone spruce. 


RESULTS AND CONCLUSIONS 
Exploratory work in the summer of 1960 revealed that the con- 
tent of carbon dioxide was rather consistently greater under spruce 
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than white pine trees. and these micro-sites were selected for more 
intensive study in the summer of 1962. Figure 1, depicting the 
content of carbon dioxide at the soil surface at two white pine and 
spruce sampling points for a 24-hour period, illustrates the differen- 
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Fig. 1. Content of carbon dioxide at the soil surface at two 


white pine and spruce sampling points for a 24-hour period (July 
16-17. 1962). (Wind and temperature measurements reported by 
the New Haven Weather Station.) 
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ces between species with the usual daily pattern of carbon dioxide 
concentrations. A summary of these measurements and others made 
at different days and heights above the forest floor is given in Table 
1. It may be noted that wind speeds were measured on some occa- 
sions at the sampling points; this was done with an Alnor thermo- 
anemometer. 

As analysis of variance for each day of sampling showed the 
content of carbon dioxide was highly significantly (at the 1 percent 
level) greater under spruce than white pine. The content of carbon 
dioxide decreased with increased sampling height, with the differences 
with heights significant (at the 5 percent level) or highly significant; 
wind velocities increased with sampling height, with highly signifi- 
cant F-values. Differences in carbon dioxide concentrations with the 
time of day were highly significant. These latter results were not 
unexpected. 


In an attempt to determine the causes for the difference in carbon 
dioxide concentrations under white pine and spruce trees, various 
factors were investigated, and for the sake of brevity, these studies 
will be only summarized here. 

While differences in turbulence under the two species undoub- 
tedly played a role in producing differences in carbon dioxide con- 
centrations, this variable did not appear to be of major importance. 
For example, on July 10, when the concentration of carbon dioxide 
was lower under white pine than spruce (with differences significant 
at the 1 percent level), there were no significant differences in wind 
speeds under the two species, and wind speeds under spruce were, 
on the average, greater (Table 1). Also, if the differences in content 
of carbon dioxide at the soil surface under white pine and spruce 
were dependent primarily on differences in turbulence, one would 
expect the concentrations of this gas to be most alike under the two 
species during the calmer nights. No such tendencies were evident 
(see Figure 1). 

Samples of mineral soil collected under spruce trees were found 


Table 1. Average concentrations of carbon dioxide (p. p. m.) and wind speeds (em./see.) at 
different sampling heights under white pine and spruce (1962). 


July 1 July 10 
8 a.m. -4 p.m. 8 a.m. - ll a.m. 
Sampling Species CO, Wind CO, Wind 
height (em.) 
0 white pine 418 1.2 
spruce 448 0.3 
5 white pine 349 3.4 332 13.9 
spruce 373 29. 347 14.5 
10 white pine 329 18.4 
spruce 339 19.6 
40 white pine 318 10.2 
spruce 331 6.2 
Number of samples 
8 10 


per average 


July 26 
8 am. -2 p.m, 
CO; Wind 
371 8.6 
393 9.7 
339 22.8 
380 10.7 
14 


July 11 July 16-17 
7:30 a.m.-11 a.m.! 7 a.m.- 7 a.m.! 


CO, (1) CO,(2) Co; (1) CO; (2) 


1Data obtained at two white pine and spruce sampling points. 


372 366 372 368 
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to evolve significantly more carbon dioxide than those from under 
white pine. This was determined in the field by a rather approxi- 
mate technique too complicated to merit description here. In addi- 
tion, relative rates of soil respiration as calculated by the flux 
formula (Priestley 1959), based on the data in Table 1 for July 1. 
10, and 26, showed the soil under spruce evolved more carbon 
dioxide than that under white pine. (The average relative rate of 
soil respiration under spruce was over two times that under white 
pine.) 

No variations in the soil temperature, moisture, or organic matter 
content were found which could account for the differences in mine- 
ral soil respiration. However, soil cores (10.2 centimeters in depth 
and containing 1 liter of volume) revealed significantly more roots 
at the spruce than the white pine micro-sites. (The average oven- 
dry weight of roots was 4.6 grams for spruce and 1.3 grams for 
white pine.) Laboratory studies showed a highly significant linear 
relation between the amount of carbon dioxide evolved from the 
soil of potted 6-year-old white pine and Norway spruce (Picea abies 
(L.) Karst.) seedlings and the quantity of root tissue. It was conclu- 
ded that differences in the amounts of roots in the upper soil layers 
at the micro-sites probably led to corresponding differences in respi- 
ration which were in turn the principal cause of the observed 
differences in carbon dioxide concentration beneath spruce and 
pine. 

Several previous workers have asserted that root respiration 
contributes a very significant proportion of the total soil respiration 
(Turpin 1920, Lundegardh 1924, Meyer and Schaffer 1954, Meyer 
and Koepf 1960). In general, it is likely that seedlings growing on 
micro-sites with high root concentrations suffer more from below- 
ground competition than they are benefited by the elevated content 
of carbon dioxide near the ground. The carbon dioxide factor 
may be more important at other types of micro-sites, as near decay- 
ing logs (Wiant 1964). 
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